The remaining patient had a pes equinus contracture induced by the penetration of the calf muscles through a posterior approach but was fully recovered 6 days later. The mean follow-up period was 20.6 months. No recurrences or late complications were observed in this series. This case series shows that the computed tomography-guided percutaneous radiofrequency ablation is a simple, minimally invasive, and highly effective technique for the treatment of osteoid osteoma.
INTRODUCTION
Osteoid osteoma is a benign bone tumour typically less than 2 cm in size. It occurs primarily in patients younger than 20 years who usually present with severe pain that worsens at night, but can be relieved with aspirin or non-steroidal anti-inflammatory drugs (NSAIDs). 1 Osteoid osteoma consists of round (oval to elliptical) and well-demarcated nodules known as nidi. Most nidi are smaller than 1 cm in diameter, though rarely as small as 1 mm. The nidus is surrounded by reactive sclerosis of the surrounding h o s t b o n e , w h i c h i s s m o o t h , c o n v e x , a n d homogeneously dense. 1 While many patients with osteoid osteoma can tolerate the associated pain with or without the use of analgesics, it is necessary to completely remove the nidus to cure prolonged pain and associated insomnia. However, the nidus is quite small and difficult to identify precisely during surgery; thus, substantial resection of the surrounding normal bone may be required. Furthermore, lesions located in anatomic areas that are technically difficult to access, such as the acetabulum and femoral head and neck, have lower success rates. 1 Several image-guided, minimally invasive interventions have been developed to treat problematic tumours, 2 including image-guided radiofrequency ablation (RFA), which has been used to treat soft-tissue tumours in the liver, breast, gallbladder, and lung. [3] [4] [5] RFA has been applied to the treatment of osteoid osteoma for about 10 years. 6 The technique is one of the growing number of minimally invasive alternatives to conventional operative procedures, and the literature includes several reports on RFA from Europe, America, and Asia. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] RFA can provide patients excellent relief of pain and early return to function while minimising hospital stay and morbidity. 11, 12 This case series evaluates the mid-term results of RFA for osteoid osteoma in a series of 5 consecutive patients. Approval from the institutional review board of our hospital was obtained using this technique. All procedures were carried out in a CT room under aseptic conditions with surgical teams of orthopaedic surgeons, interventional radiologists, and anaesthetists. Patients 1 and 2 (aged 12 years or below) underwent general anaesthesia, whereas patients 3 to 5 received spinal anaesthesia. The precise location of the nidus was determined using a 3-mm-thick spiral CT scan (HiSpeed Advantage SG, GE Medical Systems, Milwaukee [WI], US). The most appropriate needle pathway was chosen so as to avoid the major neural and vascular structures (Fig. 1) .
CASE SERIES
After skin preparation, a 14-gauge core needle (Ostycut, Angiomed, Berlin, Germany) was introduced into the nidus (Fig. 2) . A Kirschner wire was used when the surrounding bone was too hard to penetrate. A biopsy specimen was removed for histological examination, but because decalcification was commonly required, RFA was performed before histological confirmation of the diagnosis. Histological results of the biopsy specimens showed thick bone trabeculae in the host lamellar bone. Irregular trabeculae in surrounding areas were composed of pure woven bone, osteoid, capillary, and fibrous connective tissue compatible with a part of the nidus histology (Fig. 3) . The biopsy needle was exchanged with a 17-gauge straight rigid electrode with a 1-cm exposed tip (Cool-tip RF needle; Radionics, Burlington [MA], US). Location of the needle tip was again assessed by CT scan. The electrode was connected to a radiofrequency generator (Cool-tip RF generator; Radionics, Burlington [MA], US; Fig. 4) , and 2 grounding pads were attached close to the skin entry point to allow the shortest current path through the patient. The temperature of the tip was monitored throughout the procedure to heat the lesion to a consistent 90 Ο C for 5 minutes. 9,10 A simple bandage was applied to the puncture site at the end of each procedure, and patients were discharged after 24 hours. They received antibiotics for a few days and were allowed to return to full weight-bearing and normal activity immediately. All procedures were considered technically successful, though patient 2 encountered a postoperative complication: a pes equinus contracture induced by penetration of the calf muscles through the posterior approach to the nidus located in the posterior tibia (Fig. 5) . The patient fully recovered after several days without any further treatment. Mild-to-moderate pain within the first 24 hours was controlled by oral analgesics; all patients were pain-free within a few days, except the one with complication.
The patients were followed up for a mean of 20.6 months (range, 8-30 months); no recurrences or late complications were observed. Lesions and nidi of the RFA-treated bones temporarily showed demarcated osteonecrosis on plain radiographs at postoperative day 1 (Fig. 6a) . These findings had become obscure after 6 months (Fig. 6b) . No biomechanical weakening of bone due to RFA was seen.
DISCUSSION
Although some evidence suggests that osteoid osteoma may regress spontaneously, surgical excision is often performed because patients cannot tolerate the pain and wish to avoid the long-term use of medications. 17 Complete excision of the nidus involves removal of the surrounding normal bone. It is difficult to make an exact identification intra-operatively because the nidus is usually too small, even when CT, bone scanning, angiography, or fluoroscopic guidance are used.
1 Therefore, the operative results, in terms of disability, are often more severe than those before surgery: patients may require a period of protected weight-bearing, may have pain associated with the operation and the bone graft donor site, and may need to refrain from normal activities for a prolonged interval. Minimally invasive surgical treatments have been developed for osteoid osteoma, including percutaneous CT-guided excision with drills, 18 MRI-guided cryotherapy 19 and laser therapy, 20 arthroscopic removal, 21 and CT-guided interstitial laser photocoagulation. 22 Percutaneous imageguided ablation with the use of radiofrequency has been applied to the treatment of other solid malignancies, [3] [4] [5] and CT-guided percutaneous RFA has achieved good clinical results in treatment of osteoid osteomas in the United States, Europe, and Asia. 2, [7] [8] [9] 11, [14] [15] [16] [17] [18] We treated 5 patients with osteoid osteomas using percutaneous CT-guided RFA. All 5 patients experienced pain relief just after the operation and were left with no operative scarring. Four of the 5 patients were discharged from the hospital the day after surgery without any external supports. Complications such as skin burns and necrosis, 9, 14 fracture, and infection 18 due to RFA have been reported in the literature; however, most reports demonstrated no complications or only minor complications that did not require further treatment. Among our cases, patient 2 with a lesion in the tibia developed pes equines contracture/deformity following RFA through the posterior approach via the calf muscle. Functional recovery was observed after several days without any further treatment. Applying RFA from the transcalf muscle approach may cause temporary muscle damage, especially in young children.
The location of the nidus and the treatment approach should be fully considered before employing this treatment. This minimally invasive surgery should be used for a nidus located at least 1 cm away from vital structures such as the neurovascular structures. 7, 9 Spinal or general anaesthesia is suggested, even in adults, for RFA of osteoid osteomas; it makes the procedure easier by lessening patient discomfort due to a prolonged period on the table and ensuring perfect immobility. Nonetheless, a few reports have demonstrated that the same treatment can be performed under local periosteal anaesthesia. 9, 15, 18 In our series, RFA was not associated with additional morbidity compared with open surgery. No further treatments were needed, despite the one minor complication encountered. RFA is a safe technique for the treatment of most osteoid osteomas located away from vital structures. [7] [8] [9] 11, 13, 15, 18 
